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Distribution and Influencing Factors of Mercury in Rice Grains in Wanshan
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Abstract; Total mercury( THg ) concentrations in rice grains from Wanshan, Guizhou province, which was impacted by Hg mining, were mea—
sured using a CVAFS method. THg concentrations in the rice grains showed a clear spatial pattern and were highly related to the inputs of
Hg derived from mining. Concentrations of THg in rice grains in major basins of Hg mining ranged from 2.8 ng-g™ to 295 ng+g™ with an av—
erage of 50.8 ng-g™'. Approximate 67.5% of rice samples showed THg concentrations exceeding the national standards (THg=20 ng-g™').
Rice THg concentrations tended to decrease from central Hg—mined areas to less polluted ones. However, the decreasing rates of THg con—
centrations in rice were quite different in the six areas. Rice THg concentrations were significantly positively correlated with TS, TN, organic
matter, and pH, but negatively with SiO,. Rice THg had no correlation with soil THg concentrations.

Keywords: Wanshan; Hg—mining areas; rice THg ; soil properties; correlation
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(DSX) A% 2011 4F PR A~ R0 05 7 1l XA BL 2 B
(WWP)FIHRE (GX )R AR T A FIAH L 1 A i & 121
A, AR A UNR :GLP (N:27°30'50.16"~27°30"
39.85",E:109°11'55.22"~109°10"26.17") ; MZX (N : 27°
32'53.381"~27°35'40.084" , E: 109°1217.002"~109°17'
04.914" );HDH (N:27°30'46.20"~ 27°26' 49.03" ,E:
109°14'00.11"~109°16"11.87") ; DSX(N:27°32'11.29"~
27°32'05.38",£:109°14'06.94"~109°18'26.53" ) ; WWP
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Figure 1 Location of sampling sites
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Table 1 Basic properties of paddy soils
i H Si0/% ALOY% TFex04/% Saf i TS/% TP/% TN/% HHLTE/% pH
MZX 52.3~67.40 11.82~1439  3.82~6.39 1.51~3.69  0.024~0.11 0.038~0.098 0.181~0.345 2.779~6.706  6.15~ 6.66
DSX 4771~71.29 11.45~21.80  3.24~6.87 1.51~478  0.023~0.1  0.036~0.086 0.105~0.303 1.704~5.014 4.71~ 6.84
HDH 4554~74.55 11.74~1526  2.78~6.7 2.65-5.13  0.016~0.071 0.035~0.077 0.109~0.305 1.246~5276  5.02~6.9
GLP 44.98~70.06 11.33~22.67 3.64~10.56  1.35~4.46  0.031~0.11  0.06~0.13  0.061~0.355 1219~6.678  5.1~6.66
GX 58.01~67.26  6.89~ 14.00  2.58~6.22  3.03~7.10  0.016~0.079 0.041~0.081 0.030~0.320 0.999~7.288  6.34~ 6.91
WWP 592~71.97 1229~1475 2.19~5.93  3.17-4.84  0.031~0.055 0.03~0.078 0.121~0.267 2.33~4.835  5.48~6.87
MYGE 44.98~7455  6.89-22.67  2.19~1249  135-7.10  0.016~0.11  0.031~0.13  0.030~0.355 0.999~7.288  4.71~6.91
RIr{E 25.178 12.945 13.079 15.292 5.650 46.282 15.463 35.301 36.267
P{g 0.000 0.024 0.023 0.009 0.342 0.000 0.009 0.000 0.000
BRAK 0.033 0.029 0.092 0.178 0.104 0.175 0.103 0211 0.052

i 22 (RSD) M 11.17%., 433 THg 50 5E i FHVA IR
TR R AL (F732-S FIROE AT om il R AL, |
IAEAERGRABRA ), AR IR TR 61 7
W . AT A 5T 35 R AR VA A o

2 #ZREW®R
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T I EEAR SRR ST AR 1,

X 45 T ARG H - e BRAE A SR 2 FE AR A S 500G
o8, Z5REH, BR TS 4ME H 13 Si0, Saf TP,
TN A HLUST  pH FEAS [R] RGN 37 duk =22 1) 22 S5 P e 2
(P<0.01),ALO; TFe,05 ZEHH H i 2 P25 53 (P<0.05)
PR T U A, 5 A6 D0 DX 3BT TEA 1) - 3 AR 4 B A7
ANTRIRERE B 25 5k o 5 PO o A R 1 - S T
BHEAE H Si0,.ALO;s TFe,05 TS TP TN . A5 HLJ%& .pH
B 28 AT FEL 43 31 A : 44.989%0~74.55% .6.89%~22.67% .
2.19%~12.49% .0.016%~0.11% .0.031%~0.13% .0.030%~
0.355% .0.999%~7.288% .4.71~6.91 , Ik #5455 Z %K

NS}
[=]
S—

13 THg 1% /g g
[

(PnifE2E 5380 e ) i A [l s o Tl g H -
5k T U SRR BE AR Ry - A HL BT > TP>TS> TN >
TFe;0:>pH>Si0,>AL,0;, i1z Si0y/(ALO+TFe,05) A
T EEER 2R (Saf ) BE R 7E 3.329~3.719, — A K
Saf {H Bk 7 W) BOMIARR L, (R 3 1 KRk
VoSO P R o AN R I DX -2 Saf fEAK KA GX>
WWP>HDH>GLP>DSX>MZX, A XbF5x 2200 97 1L 5k
11X 76.6% ) T AR 32 B AR ZU4R 0, i) 242 1ok
XF b3 S R Bl i Y TTERARE 90.5%, RRAE T
2Pl 2% B Hg B35 505 kg, & HId Hg BT #%5
N 0.1 kg km?-aPl,
2.2 1+1E THy 2D MHHE

158 THe & A /KF23 534 b rRHEan &l 2.

J3 L X = 3 3k N A HH 358 THe 5 oA
0.498~188.000 wg-g™, FYIME N 31.617 ug-g™, i f
W S GB 15618—2008 H1 - HEICHLTE YL iy
PRBE 5 bR R & 0.3 g+ g™ (EOK, pHS.5~
6.5), it SPSS B4 Hr 1 & it RS H 3% THg &
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The number of sampling points increases along water flow of river. The same below
E2 BHLIERSESH
Figure 2 Spatial distribution of THg in paddy soils
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5 1 B R A A% AR BE B AR G, S5 SRR BR GX
Ab, HABFIRE H 135 TH 25 8 A L B 2 2
wyTimi s, b DSX HDH R I H 055 fiAH e,
GLP(R=-0.460,) WWP(R=-0.576) MZX(R=-0.490)
1E P<0.05 Hy7KF- F R E DG, RN Al BE =M T
K AR B W) AR T 1Y) Hg 23 Bifi 45 J0RC ) 1 T 0T & 2k
TR, I UeR PR B2 1) 7 G /K TR B TR0 ol A M
135 Hg 193 BEFEARY B AE & i BUHACR A S AR A
PRSI, SR b S I R K U5 i A
SRR GRS 4 3 THe & i R ARy 25 A
B GLP A5 L Z 104 s, 7ERT XL SR 27°29'01.99"~
27°31'04.61" , 545 109°12'27.51"~109°11'41.06" 7 [#]
WY GLP [ — 25 S R AR 1 FH AR FIR R AR 45 9
A, M43 THg & 500 0.77~17.1 pg-g™, F4H
5.53 ng-g”, WM FREARE, SPSS Jp 4 B
U] THg 2 i 2 BB H
2.3 f§K THg 2857 T HHE

Rk THg & B AEKF 25 18] E o A Fe e an &3 .

T3l Ml X 32 3 A A oK THg 5 &35 [l ol
2.838~295.534 ng- g™, ‘F-H{E H 50.819 ng-g™,60% LA
FRRES THe & T GB 2762—2005 FT i 1Y FR
V5 Y R AR UE 20 ng- o' CETR ) o 5 BUREKFE3Y
THg & & K 2 GX>MZX>DSX>GLP>WWP>HDH,
GX ik THg ¥ # & & KK 164180 ng-g™', &
HDH V-2 25 521 7.88 i, 3RBH CX KAHZ 15 44
JUHE L DSX H R AR SRS K THg & 7 2 2K T 20
ng-g” FRAE. ZHEAHE THg A9 704777 30, A Ui HH A
K THg & i 5 37 2547 DR B2 i A OGP 43 51 2 : GLP
(R=-0.449,P<0.05) ; DSX (R=-0.676,P<0.01 ) ; HDH
(R=-0.625,P<0.01);MZX (R=-0.278,P<0.249); GX (R=
-0.842,P<0.01); WWP(R=-0.129, P=0.706 ) ., #H]}f
HHRE O XEEE IR, FK THg & & T A

FEEEHIRRAK . 20T T GLP S 9 AN S s vl A1,
Fiok THg &k 7.92~50.97 ng-g™',35% L b BIFE S
e PR M FRAEL, [RIRE AT o 1] TR AR A
TSR DX ] B FH - 48 %) F2 SR ¥ e Yk T
(4 B R AR R UK R He 5 it BT, (7530
T R AR HE ARG 1Y He B2 T R, T80 T %
IKFE B . —2E THe % 28 SRFEAR, W F 202 H T
SR AR = AT, R EH DA SR K S K TR AE R R
TR X AL IR AR Y — 3k JF Bl R A
AR FH R p i Ll 55, i DA 23 /KA A2
Hg 15 Y4528/

3 WX THe @2 MEE

3.1 18 THg 5F8X THg piAX1E
3 THe 55K THg BIAHSCTEINR 2.

+ 2 13 THg 558k THe R <E
Table 2 Correlationship between THg in rice and paddy soils

i H PIE b2z ARRE MR
Fik/pg-g? 5092 54.43 1.06

hhee 0.137+
+Hi/ng-g! 31.87 4474 1.40

T 7 0.05 7K RN FITE 0.01 7K ORI ) [ #5AS 5 2 AH

%o
8 Z AU R T3 THg 1 B HOCREE LU AR K THg
TR, R —E W AFEPE K THe &8 H 5 +
15 THg #5511 0.004 8%~8.264 7% , F-¥4 0.779 4%,
Feik THg 5 38 THg FUA TS M EAR DG, X2
K AEIE L 2RI Hg, A4 3 KA,
KA TCHLR (THg ) 7K Fei b 3843 He Y £ 2R A,
IKREMRAE R —Fh AR BB BH 1 Hg 1) FiEREM, 4H
Y1 A i RE S 4355 AR AN i, He 72 /KRG 1Y
FrEARBU ARSI R >ZEsHPRL, RS> He S5 P FAR
A RS 50 B K R AR - 4 2 [ B B AR LK R

3004
250+
% e Fa £+ DSX
ZFaoop TS i}\ ®- HDH
H Fred I Ty e MZX
43150 Al / e ox
= 1 h - N '\::':
= i ! i y { [ Ay A~ WWP
1004 4 T N A fa
TR LN e R Y . GLp
B sy Mg awle o ol ,
& * e;}ﬂhrg . 'h"'j-':l"‘!;‘ .- $ 'ﬁ. ""-;’J'Uax,.u b _.-'-
0 E..‘::f" s % fﬁ"“"" l ........... L. "‘1--\.“-. '\'f" ........... L “ i
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A S G

B3 BAKRSENT

Figure 3 Distribution of THg in rice grains
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MR L W] IR R 515 2, A6IR % He (Y AR B1
A —FERY S5 2R o Ji 1R S5 B B E 52, KA
TE AN [F] By Hg B2 T 25 B A07 9 RAALAEANR] , 2K et
IR E He BT AERE 1o , X W i He SR B AR 38 Y
e . WEHTT DTN, A8 T3 rp He 55
AR E P, AR BIROK 1188 R A T 2 ROK 11T
P 2B 1/3, FEAE P K RN 22, 55 K Hg
B RR AR,

3.2 XK THg F1 L EEASHE X ES T

KR4 SPSS Zp 4% A K THg 5 A S5
AIRISEOC R IR 3,

FEK THe 55 TS LB B ERIEMKKR (R=
0.250,P<0.01), YL WA L4 S STTR S RAY TR,
FEK THg St T BJt. BRRRIE IR R 2ok 1 5%
AR T2 LA T, AR R BRI e R i
TRV 5K B LA R AP AR, T4 g 1 L
HLoK (MeHg ) (A7 AL LA, T FFEUESE MeHg B 55 T
AR R A, LR S,05 AT B 5 AR U
fifp s HeS,05 B4y, i ELA IR 28 Xk Al T 9 4
WAL TR A HABRC S Y™, LA LA & 21
KU, R THe 554 LB AR S i 3% (R=0.355, P<
0.01), A HLTTR He fry W Bk A 0 HRe e 5 Hg 78 3
HR R PR BERE AR, FH 5 A B Al e 3R a5 o
Hg ) F AL 21 7 P M = 8 1) 5 7L 5 RE AT 280 s
He FIEALIE I MeHg™, TR R T AR A - 33 i
Hg B9 XU o AN OFFE A, Tt A LA 52 e A
IR A LN, AR RRAR B s rp ] 52
A RAT WA A T S35 T, DA AR M AR
Ja B XU 7 L DX P PR AR g A BILJBE AT RES

it FH A SRR, (e A5A8 HE K P R B 22 T s
B, e K R He AW IR

133 pH XJ -4 Hg iR A JE T AL
FEAETE A BARK MM, 58 He* F1 He i B
T 4.82~7.11 JWFEINKEE pH Y FHE K™, i
H Hg*5 CI'45 & e i & oR % sh itk f A=Y G
PR A RSERIE pH AT 5.5~7.8 ), BAARTEA:
WA R Pl fb SR th 2 Bl 5 + 358 pH T+
BRI, i 3R - AL AR & R T ki
AR 1297, AR EH - F pH L FN 4.71~
6.91,7E1L pH 25PF N AT REL =2 T EidbL], — &
JE FRIUCATEK THe &bl pH B _EFHImE i, 4
THg 5 pH Z 8] R i b 2 1 #H P (R=0.290, P<
0.01),

FoK THg 5 - 3Erp Si0, 7 & 5 2 525 1 T A
XK (R=-0.222,P<0.05) , KB KE A& 113 Si0, & & 1y A8
b, FoK THg FRIAH R B L3 X T g2 T 1
gerb Si JuE A TRRRAEFIBH AL T 1 He mAE K
e, AHGEINN L Si F R T k| 1
VA TR W A - SRR b, A S R W AR % D
() e i, Si B DL R R (HLSIO,) TR 8 47
FEPSL BRI HLS10, AT W BAG 5 4 2 110, 14
Hr Si AR R KRR X Hg A9 IR =2, 5t 2 17
22 5% ) ek A0 o] A Rg %o B 4 iR R AL 4 v K e
i T R R 22—

MAHSHES BT AT LA 1, K THg 5 £ 3TN
A BB TE A G 2 (R=0.299, P<0.01) , i B 13
FEAER) N JCERREK THe 724 T —E ., ik
AW Cd R RGN 2 1% 15 Jon i 2 4

&3 FEK THg 5ELESHBEX

Table 3 Correlationship between rice THg and soil properties

E3 Si0, ALO; TFe,0; Saf TS TP TN HHLG pH 48 THg A%k THg
$i0, 1 —0.234%  —0487%%  (0.692%* 0.022 -0214%  -0.031 -0.058  -0.219% —0305%  -0.0222*
ALO; —0.234% 1 0.731%  —0.725%%  0.101 -0.158 -0.075 -0.134  -0.158  -0.101 0.000
TFe,0;  —0.487+%  0.731%% 1 ~0.793**  0.093 0.148 -0.094  -0.135 0.080 0.070 0.027
Saf 0.692%%  —0.725%%  —0.793%* 1 -0.098  -0.128 -0.067 -0.033 ~0.084  -0.194*  -0.155
TS 0.022 0.101 0.093 -0.098 1 0.319%%  0.549%%  0444%%  _0.132 0.003 0.250%+
TP -0214%*  -0.158 0.148 —0.128  0.319%* 1 0.321%% 0395+  0272%%  -0.023 0.072
TN -0.031 -0.075 -0.094  -0.067  0.549%  0.321%* 1 0.750% 0.135 0.018 0.2997%%
HHLE  -0058  -0.134  -0.135 —0.033  0.444%x  0305%  0.750%* 1 0.205% —0.136  0.355%*
pH ~0219%  -0.158 0.080 -0.084  -0.132  0.272%* 0.135 0.205% 1 0.001 0.290*
;3 THg 0305+  —0.101 0070  -0.194% 0.003 -0.023 0.018 -0.136 0.001 1 0.132
ok THg  -0.222% 0.000 0.027 —0.155  0.250%* 0.072 0.299%%  0.355%F  0.290%* 0.132 1

TE - * 78 0.05 ZKF GO )_E B 2EASE ;%% 78 0.01 K- OB )_E 22545
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{ELRZ I T W) SR R0, A U 38 /R 1= 4 1 KU1
VPR Vs A PR R e B ot XL AR S A B A 3 5, 38 Hg
B BT, Saf Xof - 498 Al R R AT S
YEF, HS5HEK THe A3 THe A SEHETR 2R A
T,

4 #ig

A0 T L LI 6 % 3 3k T Bl P AR R i 43
7, Ak THg &30 Fl Hy 2.838~295.534 ng-g', V-1
{47 50.819 ng-g~',67.5% % i 4 i GB 2762—2005
HRTRLE R B V5 Y R 1 20 ng- g7 (LR ) o 5
RINFK THg 148 THe 7E25 [0 5040 b —2, #RVA
378 B SRAT AU DX ) 7 ) S AN () R B et ikt , ¢
TRAE AR LR T BBz B R A A% 0 X, I HR AT gk
HHRKHERE . R5K THg 5 3% Si0, TS TN A HL5I .
pH FILH 2 A9 AH M (BRI 1- 58 THg 2 [H]
AR E AN . XFPILG I RIRAT, DA X
AR, DRI EL, B e, 46— e ) SE AT 17
PESRE J7 %, inE A s E i e AL s &+ e
SJEIT YL TR 48 X ARAVEY B A A R
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